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DETECTION DEVICES, METHODS AND SYSTEMS 
FOR GAS PHASE MATERIALS 



Field of the Invention 

The present invention relates to the sensors for the detection of selected 
materials. More particularly, the present invention pertains to sensors for the 
detection of gas phase materials. 



Background 

In the fabrication of integrated circuits, various layers of the same or 
different materials are used. For example, during the formation of semiconductor 
devices, such as dynamic random access memories (DRAMs), static random access 
memories (SRAMs), ferroelectric (FE) memories, etc., a variety of conductive and 
non-conductive materials are used to construct storage cell capacitors and also may 
be used in interconnection structures, e.g., conductive layers of contact holes, vias, 
etc. 

These materials are typically supplied in a gas phase conducive to the 
formation of a film on a surface. When supplied in the gas phase, many of these 
materials may become toxic or otherwise harmful to health. As a result, it may be 
important to monitor where these materials are found and the concentrations in 
which they are found. Furthermore, because the effects may be cumulative, i.e., 
repeated exposure to low levels of the selected materials may be additive, it may be 
important to provide sensors and detection methods that are capable of measuring 
for cumulative exposure levels in addition to real-time exposure. 

Semiconductor device manufacturing is one example of an environment in 
which the monitoring of exposure to potentially harmful materials can be 
advantageous. For example, various metals, metallic compounds, metal oxides, etc. 
are used to manufacture various structures used in semiconductor devices. A 
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number of these materials may pose health risks based on exposure to the materials 
in the gas phase. 

For example, ruthenium oxide and ruthenium have recently been employed 
in semiconductor devices because these materials are electrically conductive, 

5 conducive to conformal deposition, and they are easily etched. For example, the 

article entitled, "(Ba,Sr)Ti0 3 Films Prepared by Liquid Source Chemical Vapor 
Deposition on Ru Electrodes/' by Kawahara et al., Jpn. J. Appl. Phys.. Vol. 35 
(1996), Part 1, No. 9B (September 1996), pp. 4880-4885, describes the use of 
ruthenium and ruthenium oxide for forming electrodes in conjunction with high 

10 dielectric constant materials. It is, however, known that gaseous ruthenium 

tetraoxide (Ru0 4 ) is toxic at very low levels, e.g., about 1 part per billion (ppb). 
Monitoring of exposure to ruthenium tetraoxide is, therefore, both important due to 
its toxicity and difficult due to the low exposure levels at which the toxicity 
becomes an issue. 

1 5 For example, many detection systems or procedures for many different gas 

phase materials rely on chemically sensitive tapes. Stains are produced due to 
chemical reactions occurring on the tapes in response to chemical exposure and 
those stains can then be detected. Problems with such tapes may, however, include 
sensitivity to different chemicals. 

20 With respect to ruthenium tetraoxide, some useful chemically sensitive tapes 

are also sensitive to other chemicals such as oxidizing agents. As a result, the tapes 
typically cannot be used to accurately detect exposure to ruthenium oxide. Other 
tapes may detect ruthenium oxide, but could not be used to accurately detect at 
desired exposure levels. 

Summary of the Invention 

The present invention provides sensors for and methods of detecting the 
presence of gas phase materials by detecting the formation of films based on the gas 
phase material. Advantageously, some gas phase materials preferentially deposit 
30 on receptor materials. As a result, selective detection of those gas phase materials 
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can be obtained by detecting films deposited on the receptor materials. In addition 
to selectivity, the present invention may also provide for continuous film deposition 
on a receptor material at the minimum, or close to minimum, exposure levels. 

Further advantages of the present invention are an increased sensitivity to 
5 the deposition of conductive materials through the use of closely spaced conductive 

electrodes interconnected by lines of receptor material. The gas phase material 
preferentially deposits on the receptor material as compared to the surrounding 
substrate surface. That preferential deposition may improve sensitivity of the 
sensor by reducing the areas on which the gas phase material will form conductive 
10 layers. 

In one aspect, the present invention provides for detection of gaseous 
ruthenium oxide (Ru0 4 ) which preferentially deposits on a variety of surfaces, e.g., 
polypropylene. The deposited film includes elemental ruthenium (Ru) and/or 
ruthenium oxide (Ru0 2 ) which exhibit relatively high electrical conductivity. As a 

1 5 result, detection of gaseous ruthenium oxide may be performed by monitoring 

electrical conductivity across a detection surface. Exposure levels may be 
determined based on the increases in electrical conductivity. 

Further advantages of the present invention may include reduced sensitivity 
to environmental contaminants because relatively few environmental contaminants 

20 will deposit on any surface in the form of, e.g., an electrically conductive film. In 

addition, heating the detection surface or otherwise treating the detection surface 
during or before use may further improve sensitivity to environmental contaminants 
by reducing or eliminating deposition of environmental moisture and most organic 
materials. 

25 Detection of the selected material or materials in the gaseous phase may 

serve a variety of purposes including the detection of toxic/hazardous materials to 
insure proper industrial safety standards; to monitor reaction levels for process 
control; to determine the integrity of containment systems; etc. 

In one aspect, the present invention provides a sensor array for detecting a 

30 gas phase material, the array including a substrate surface; at least one line of 



3 



receptor material on the substrate surface, wherein the gas phase material 
preferentially deposits on the receptor material as compared to the substrate surface 
surrounding the receptor material; a serpentine electrode on the substrate surface, 
the serpentine electrode including a plurality of U-shaped segments spaced along 
5 the line of receptor material and opening in alternating first and second opposing 

directions along the line of receptor material; and a comb electrode on the substrate 
surface, the comb electrode including a plurality of tines, wherein at least some of 
the tines extend into at least some of the U-shaped segments opening in the first 
direction, and further wherein at least some of the tines extending into the U-shaped 

10 segments intersect the line of receptor material. 

In another aspect, the present invention provides a sensor array for detecting 
a gas phase material, the array including a substrate surface; at least two lines of 
receptor material on the substrate surface, wherein the gas phase material 
preferentially deposits on the receptor material as compared to the substrate surface 

1 5 surrounding the receptor material; a serpentine electrode on the substrate surface, 

the serpentine electrode including a plurality of U-shaped segments spaced along 
the lines of receptor material and opening in alternating first and second opposing 
directions along the lines of receptor material; and a comb electrode on the substrate 
surface, the comb electrode including a plurality of tines, wherein at least some of 

20 the tines extend into at least some of the U-shaped segments opening in the first 

direction, and further wherein at least some of the tines extending into the U-shaped 
segments intersect the lines of receptor material. 

In another aspect, the present invention provides a sensor array for detecting 
a gas phase material, the array including a substrate surface; at least one line of 

25 receptor material on the substrate surface, wherein the gas phase material 

preferentially deposits on the receptor material as compared to the substrate surface 
surrounding the receptor material; a serpentine electrode on the substrate surface, 
the serpentine electrode including a plurality of U-shaped segments spaced along 
the line of receptor material and opening in alternating first and second opposing 

30 directions along the line of receptor material; a first comb electrode on the substrate 
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surface, the first comb electrode including a plurality of tines, wherein at least some 
of the tines extend into at least some of the U-shaped segments opening in the first 
direction, and further wherein at least some of the tines extending into the U-shaped 
segments intersect the line of receptor material; and a second comb electrode on the 
5 substrate, the second comb electrode including a plurality of tines, wherein at least 

some of the tines extend into at least some of the U-shaped segments opening in the 
second direction, and further wherein at least some of the tines of the second comb 
electrode extending into the U-shaped segments intersect the line of receptor 
material. 

10 In another aspect, the present invention provides a sensor array for detecting 

a gas phase material, the array including a substrate surface; at least two lines of 
receptor material on the substrate surface, wherein the selected material 
preferentially deposits on the receptor material as compared to the substrate surface 
surrounding the receptor material; a serpentine electrode on the substrate surface, 

15 the serpentine electrode including a plurality of U-shaped segments spaced along 

the lines of receptor material and opening in alternating first and second opposing 
directions along the lines of receptor material; a first comb electrode on the 
substrate surface, the first comb electrode including a plurality of tines, wherein at 
least some of the tines extend into at least some of the U-shaped segments opening 

20 in the first direction, and further wherein at least some of the tines extending into 
the U-shaped segments intersect the lines of receptor material; and a second comb 
electrode on the substrate, the second comb electrode including a plurality of tines, 
wherein at least some of the tines extend into at least some of the U-shaped 
segments opening in the second direction, and further wherein at least some of the 

25 tines of the second comb electrode extending into the U-shaped segments intersect 

the lines of receptor material. 

In another aspect, the present invention provides a method of detecting a gas 
phase material by providing a sensor array including a substrate surface; at least one 
line of receptor material on the substrate surface, wherein the gas phase material 

30 preferentially deposits on the receptor material as compared to the substrate surface 
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surrounding the receptor material; a serpentine electrode on the substrate surface, 
the serpentine electrode including a plurality of U-shaped segments spaced along 
the line of receptor material and opening in alternating first and second opposing 
directions along the line of receptor material; and a comb electrode on the substrate 
5 surface, the comb electrode including a plurality of tines, wherein at least some of 

the tines extend into at least some of the U-shaped segments opening in the first 
direction, and further wherein at least some of the tines extending into the U-shaped 
segments intersect the line of receptor material. The method also includes exposing 
the sensor array to the gas phase material and monitoring electrical conductivity 

10 between the serpentine electrode and the comb electrode. 

In another aspect, the present invention provides a method of detecting a gas 
phase material by providing a sensor array including a substrate surface; at least two 
lines of receptor material on the substrate surface, wherein the gas phase material 
preferentially deposits on the receptor material as compared to the substrate surface 

1 5 surrounding the receptor material; a serpentine electrode on the substrate surface, 

the serpentine electrode including a plurality of U-shaped segments spaced along 
the lines of receptor material and opening in alternating first and second opposing 
directions along the lines of receptor material; and a comb electrode on the substrate 
surface, the comb electrode including a plurality of tines, wherein at least some of 

20 the tines extend into at least some of the U-shaped segments opening in the first 

direction, and further wherein at least some of the tines extending into the U-shaped 
segments intersect the lines of receptor material a substrate surface. The method 
also includes exposing the sensor array to the gas phase material and monitoring 
electrical conductivity between the serpentine electrode and the comb electrode. 

25 

In another aspect, the present invention provides a method of detecting a gas 
phase material by providing a sensor array including a substrate surface; at least one 
line of receptor material on the substrate surface, wherein the gas phase material 
preferentially deposits on the receptor material as compared to the substrate surface 
30 surrounding the receptor material; a continuous serpentine electrode on the substrate 
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surface, the serpentine electrode including a plurality of U-shaped segments spaced 
along the line of receptor material and opening in alternating first and second 
opposing directions along the line of receptor material; a first comb electrode on the 
substrate surface, the first comb electrode including a plurality of tines, wherein at 
5 least some of the tines extend into at least some of the U-shaped segments opening 

in the first direction, and further wherein at least some of the tines extending into 
the U-shaped segments intersect the line of receptor material; and a second comb 
electrode on the substrate, the second comb electrode including a plurality of tines, 
wherein at least some of the tines extend into at least some of the U-shaped 

1 0 segments opening in the second direction, and further wherein at least some of the 
tines of the second comb electrode extending into the U-shaped segments intersect 
the line of receptor material. The method also includes exposing the sensor array to 
the gas phase material and monitoring electrical conductivity between the serpentine 
electrode and at least one of the first and second comb electrodes. 

1 5 In another aspect, the present invention provides a method of detecting a gas 

phase material by providing a sensor array including a substrate surface; at least two 
lines of receptor material on the substrate surface, wherein the selected material 
preferentially deposits on the receptor material as compared to the substrate surface 
surrounding the receptor material; a serpentine electrode on the substrate surface, 

20 the serpentine electrode including a plurality of U-shaped segments spaced along 
the lines of receptor material and opening in alternating first and second opposing 
directions along the lines of receptor material; a first comb electrode on the 
substrate surface, the first comb electrode including a plurality of tines, wherein at 
least some of the tines extend into at least some of the U-shaped segments opening 

25 in the first direction, and further wherein at least some of the tines extending into 
the U-shaped segments intersect the lines of receptor material; and a second comb 
electrode on the substrate, the second comb electrode including a plurality of tines, 
wherein at least some of the tines extend into at least some of the U-shaped 
segments opening in the second direction, and further wherein at least some of the 

30 tines of the second comb electrode extending into the U-shaped segments intersect 
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the lines of receptor material. The method further includes exposing the sensor 
array to the gas phase material and monitoring electrical conductivity between the 
serpentine electrode and at least one of the first and second comb electrodes. 

In another aspect, the present invention provides a system for detecting a gas 
phase material, the system including a sensor array with a substrate surface; at least 
one line of receptor material on the substrate surface, wherein the gas phase material 
preferentially deposits on the receptor material as compared to the substrate surface 
surrounding the receptor material; a serpentine electrode on the substrate surface, 
the serpentine electrode including a plurality of U-shaped segments spaced along 
the line of receptor material and opening in alternating first and second opposing 
directions along the line of receptor material; and a comb electrode on the substrate 
surface, the comb electrode including a plurality of tines, wherein at least some of 
the tines extend into at least some of the U-shaped segments opening in the first 
direction, and further wherein at least some of the tines extending into the U-shaped 
segments intersect the line of receptor material. The system further includes a 
detector in electrical communication with the serpentine electrode and the comb 
electrode. 

In another aspect, the present invention provides a system for detecting a gas 
phase material, the system including a sensor array with a substrate surface; at least 
two lines of receptor material on the substrate surface, wherein the gas phase 
material preferentially deposits on the receptor material as compared to the substrate 
surface surrounding the receptor material; a serpentine electrode on the substrate 
surface, the serpentine electrode including a plurality of U-shaped segments spaced 
along the lines of receptor material and opening in alternating first and second 
opposing directions along the lines of receptor material; and a comb electrode on 
the substrate surface, the comb electrode including a plurality of tines, wherein at 
least some of the tines extend into at least some of the U-shaped segments opening 
in the first direction, and further wherein at least some of the tines extending into 
the U-shaped segments intersect the lines of receptor material a substrate surface. 
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The system further includes a detector in electrical communication with the 
serpentine electrode and the comb electrode. 

In another aspect, the present invention includes a system for detecting a gas 
phase material, the system including a sensor array with a substrate surface; at least 

5 one line of receptor material on the substrate surface, wherein the gas phase material 

preferentially deposits on the receptor material as compared to the substrate surface 
surrounding the receptor material; a serpentine electrode on the substrate surface, 
the serpentine electrode including a plurality of U-shaped segments spaced along 
the line of receptor material and opening in alternating first and second opposing 

10 directions along the line of receptor material; a first comb electrode on the substrate 

surface, the first comb electrode including a plurality of tines, wherein at least some 
of the tines extend into at least some of the U-shaped segments opening in the first 
direction, and further wherein at least some of the tines extending into the U-shaped 
segments intersect the line of receptor material; and a second comb electrode on the 

15 substrate, the second comb electrode including a plurality of tines, wherein at least 

some of the tines extend into at least some of the U-shaped segments opening in the 
second direction, and further wherein at least some of the tines of the second comb 
electrode extending into the U-shaped segments intersect the line of receptor 
material. The system further includes a detector in electrical communication with 

20 the serpentine electrode, the first comb electrode and the second comb electrode. 

In another aspect, the present invention provides a system for detecting a gas 
phase material, the system including a sensor array with a substrate surface; at least 
two lines of receptor material on the substrate surface, wherein the selected material 
preferentially deposits on the receptor material as compared to the substrate surface 

25 surrounding the receptor material; a serpentine electrode on the substrate surface, 

the serpentine electrode including a plurality of U-shaped segments spaced along 
the lines of receptor material and opening in alternating first and second opposing 
directions along the lines of receptor material; a first comb electrode on the 
substrate surface, the first comb electrode including a plurality of tines, wherein at 

30 least some of the tines extend into at least some of the U-shaped segments opening 
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in the first direction, and further wherein at least some of the tines extending into 
the U-shaped segments intersect the lines of receptor material; and a second comb 
electrode on the substrate, the second comb electrode including a plurality of tines, 
wherein at least some of the tines extend into at least some of the U-shaped 
segments opening in the second direction, and further wherein at least some of the 
tines of the second comb electrode extending into the U-shaped segments intersect 
the lines of receptor material. The system further includes a detector in electrical 
communication with the serpentine electrode, the first comb electrode and the 
second comb electrode. 

These and other features and advantages of the present invention are 
described below with respect to illustrative embodiments of the invention. 

Brief Description of the Drawings 

The present invention will be better understood from reading the following 
description of illustrative embodiments with reference to the attached drawings, 
wherein below: 

Figure 1 illustrates one sensor array according to the present invention. 

Figure 2 is a cross-sectional view of the sensor array during one 
manufacturing process. 

Figure 3 is a cross-sectional view illustrating the relationship between the 
substrate, receptor lines and electrodes on preferred sensor arrays according to the 
present invention. 

Figure 4 illustrates another sensor array according to the present invention. 
Figure 5 illustrates another sensor array according to the present invention. 
Figure 6 illustrates another sensor array according to the present invention. 
Figure 7 is a block diagram of a system using a sensor array to detect gas 
phase materials in accordance with the present invention 
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Detailed Description of Illustrative Emb diments of the Invention 

The present invention provides devices and methods for the monitoring of 
gas phase material levels by detecting films formed from the gas phase materials on 
receptor materials. One example of an industry using gas phase materials is in the 
5 production of semiconductor and other micro-scale devices. Processing steps such 
as wet etching, dry etching, chemical vapor deposition, etc., may often use or 
produce gas phase materials that may be, e.g., toxic, corrosive, irritants,, etc. 
Detection of the gas phase materials may be desirable for safety, environmental, or 
process control purposes. Examples of gas phase materials that may be detected 

10 include, but are not limited to, Ru0 4 , Ir0 4 and Rh0 4 . 

Some methods and devices for detecting gas phase materials including, e.g., 
ruthenium, is described in U.S. Patent Application Serial No. 09/388,286, filed on 
September 1, 1999, entitled DETECTION OF GAS PHASE MATERIALS. The 
present invention provides further advantages. 

1 5 The present invention capitalizes on the tendencies of the gas phase 

materials to deposit or form films or coatings on receptor materials. In some 
instances, the gas phase materials will preferentially deposit on receptor materials 
that have a particular structure. By relying on preferential deposition tendencies, 
the present invention offers advantages in monitoring for the materials. For 

20 example, continuous film deposition of the gas phase materials on the receptor 
material may be obtained at minimum, or close to minimum, exposure levels. 

As formed on the receptor materials as a result of exposure to the gas phase 
material, the film may consist essentially of the gas phase material, the film may 
include one or more constituents in the gas phase material, or the film may be 

25 formed of the gas phase material or one or more constituents thereof in addition 

with other materials, in e.g., a matrix, dispersion, etc. 

It may be preferred that, as deposited, the gas phase material or materials 
form an electrically conductive film or coating on a receptor material. By detecting 
changes in the electrical properties (e.g., conductivity, capacitance, etc.) between at 
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least two electrodes on the receptor material, the present invention provides the 
ability to detect the presence of the gas phase materials. 

Typically, deposition rate will be dependent on a variety of factors 
including, but not limited to the concentration of the selected material in the 
gaseous state, the properties of the receptor material (e.g., temperature, morphology, 
etc.), and the environment in which the receptor material is located (e.g., 
temperature, pressure, etc.). Other variables affecting deposition rate may include 
deposition-enhancing factors, such as laser-assisted deposition, plasma generation, 
etc. Regardless of the variables in deposition rate, however, it is preferred that the 
rate of change in conductivity correlate with exposure levels. 

To further enhance sensitivity to the gas phase material being detected, the 
receptor material is provided in selected areas on a substrate surface. Conductive 
electrodes are then located over the receptor material. The gas phase material 
preferentially deposits on the receptor material as compared to the substrate surface 
surrounding the receptor material. As a result, sensitivity is enhanced because the 
gas phase material deposited on the receptor material is concentrated on the receptor 
material, thereby exhibiting faster increases in conductivity as compared to sensors 
in which the entire surface between electrodes receives a deposited gas phase 
material. 

In addition to providing receptor material in only selected areas on the 
substrate surface, sensitivity is further enhanced in connection with the present 
invention by providing at least two electrodes that intersect the receptor material in 
multiple locations forming a sensor array. The sensor array thus formed provides an 
increased number of potential conductive paths between electrodes that can be 
formed by deposition of the gas phase material. As the potential conductive paths 
are connected during deposition of the gas phase material on the receptor material, 
the electrical conductivity between the electrodes is increased. Monitoring for that 
increased electrical conductivity can provide for detection of te gas phase material. 

Exemplary embodiments of sensor arrays and systems using the arrays are 
described below in connection with the figures. 
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Figure 1 is a schematic diagram of one sensor array 10 according to the 
present invention. The sensor array 10 includes three lines 20a, 20b, 20c 
(collectively referred to herein as lines 20) of receptor material on a substrate 
surface 12. Although three lines 20 are illustrated, it should be understood that only 
5 one line, only two lines, or more than three lines could be provided in a sensor array 

10 according to the present invention. 

It may be preferred that the lines 20 of receptor material do not intersect 
with each other. The illustrated lines 20 may also be, optionally, straight, parallel to 
each other, and/or of consistent width along their length. 

10 The array 10 also includes a serpentine electrode 30, first comb electrode 40, 

and an optional second comb electrode 50. The serpentine electrode 30 includes U- 
shaped segments spaced along the lines 20 of receptor material, the U-shaped 
segments opening in alternating first and second opposing directions on opposite 
sides of the lines 20 of receptor material. In Figure 1 , those opposing directions are 

1 5 towards the top of the sheet and bottom of the sheet. One of the U-shaped segments 

in serpentine electrode 30 is formed, in the illustrated embodiment, by legs 32 and 
34, which are connected by a base segment 36. Other shapes may be envisioned, 
such as a U-shape with a rounded base segment 36. 

The serpentine electrode 30 may include, in the illustrated embodiment, a 

20 connection pad 38 to which a sensor can be connected as will be described in more 

detail below. 

A first comb electrode 40 is also illustrated in Figure 1 as a part of the array 
10. The comb electrode 40 includes tines 42 extending into the U-shaped segments 
formed by the serpentine electrode 30. The tines 42 intersect the lines 20 of 
25 receptor material as they pass through the U-shaped segments of the serpentine 

electrode 30. The tines 42 are connected by a spine 44 that leads out, in the 
illustrated embodiment, to an optional connection pad 48 for connection to a sensor. 

Also illustrated in Figure 1 is an optional second comb electrode 50 
including tines 52 connected to a spine 54 that leads out to an optional connection 
30 pad 58. The tines 52 of the second comb electrode 50 extend into the U-shaped 
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segments of the serpentine electrode 30 that open in the opposite direction from 
those in which tines 42 of the first comb electrode 40 are located. 

The serpentine electrode 30, and comb electrodes 40 and 50 are separated 
from each other in the illustrated array 1 0 by the lines 20 of receptor material and 
5 the substrate surface 12 that surrounds the lines 20 of receptor material. Both the 

lines 20 of receptor material and the substrate surface 12 preferably electrically 
isolates the seipentine electrode 30 from the comb electrodes 40 and 50 such that, 
e.g., current is prevented from flowing between the serpentine electrode 30 and the 
comb electrodes 40 and 50. Alternatively, the lines 20 of receptor material and the 

10 substrate surface 12 may provide low level conductivity between the serpentine 

electrode 30 and either or both of the comb electrodes 40 and 50, with the 
conductivity increasing as a conductive film is formed on the lines 20 of receptor 
material from the gas phase material. 

Selection of the receptor material used in lines 20 relative to the substrate 

1 5 surface 1 2 is influenced by the desired preferential nature of the deposition process. 

The receptor material should preferentially attract deposition of the gas phase 
material to be detected relative to any of the other materials exposed on the surface 
of the array 10 to enhance sensitivity of the detection. It may further be preferred 
that the substrate surface 12 and/or electrodes 30, 40 and 50 be provided of 

20 materials that allow for relatively free migration of the gas phase material deposited 

thereon to the receptor material forming lines 20. As a result, film formation of the 
gas phase material on the lines 20 of receptor material may be enhanced. That 
enhanced film formation may improve detection sensitivity. Illustrative examples 
of suitable receptor materials on which gaseous ruthenium oxide preferentially 

25 deposits include, but are not limited to, polypropylene, fluoropolymers, 1 ,1 ,1 ,3,3,3- 

hexamethyldisiloxane (HMDS) coated surfaces, amorphous carbon, parylene, etc. 

The substrate surface 12 surrounding the receptor material in lines 20 may 
include a variety of materials that preferably exhibit a tendency to allow relatively 
free migration of the gas phase material deposited thereon (relative to the receptor 
30 materials in lines 20). Examples of suitable materials include, but are not limited to, 
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e.g., inorganic materials such as quartz, silicon oxide, silicon nitride, 
borophosphosilicate glass, etc. 

Alternatively, deposition of the gas phase material on the receptor material 
and/or substrate surface 12 may be affected by surface morphology, e.g., whether 
5 the surfaces are relatively smooth or rough. A rough surface may be structured by, 
e.g., molding, or randomly roughened by e.g., sandblasting, chemical etching, etc. 

In addition to the materials selected for the sensor array 10, the distances 
between the various features on the array 10, e.g., between the serpentine electrode 
30 and the comb electrodes 40 and 50, may be used to control the sensitivity of the 

10 detector 10 to a particular gas phase material. Other dimensions that may affect 
sensitivity of the sensor array 10 include the widths of the various features on the 
array 10. Factors affecting the selection of an appropriate dimensions may include, 
but are not limited to: resistivity of the deposited film/coating (from the gas phase 
material), resistivity of the receptor material before deposition, ambient conditions 

1 5 (humidity, temperature, etc.), temperature, etc. 

In use, the sensor array 10 is connected to a detector (not shown in Figure 1) 
that is capable of detecting a change in conductivity between the serpentine 
electrode 30 and one or both of the comb electrodes 40 and 50 across the lines 20 of 
receptor material as a result of deposition of one or more gas phase materials in the 
20 form of a film or coating on the receptor material. It is preferred that low level 

depositions of a conductive film on the lines 20 of receptor material can produce a 
finite and accurately measurable change in current flow between the electrodes. 

Turning now to Figure 2, it may be desirable to manufacture the sensor array 
10 by first depositing a layer 14 of the receptor material on the substrate surface 12. 
25 That layer 14 can then be patterned using known processes to form, e.g., lines 20 of 

receptor material as seen in Figure 1 . Following formation of the lines 20 from 
receptor material 14, the conductive electrode material 16 used to form the 
electrodes can be provided over the receptor material in the line 20 as illustrated in 
Figure 3. 

30 Although one illustrative sensor array 10 is depicted in Figure 1 , alternative 

array designs are possible. One such alternative is depicted in Figure 4, in which a 
single comb electrode 140 is provided with tines 142 that extend into the U-shaped 
segments of the serpentine electrode 130 opening to both sides of the receptor 
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material lines 120a, 120b, 120c (collectively referred to as lines 120). As a result, 
the spine 144 of the comb electrode 140 extends around a significant portion of the 
serpentine electrode 130. The tines 142 intersect the lines 120 of receptor material 
along with the serpentine electrode 130. Both the illustrated serpentine electrode 
130 and the illustrated comb electrode 140 terminate in optional connection pads 
138 and 148, respectively, for connection to a detector (not shown). 

Another alternative array design is depicted in Figure 5 in which the receptor 
material lines 220a and 220b (collectively referred to as lines 220) are provide in a 
generally circular shape. The array includes a serpentine electrode 230 that also 
includes U-shaped segments opening towards both opposing sides of the lines 220. 
The array also includes a comb electrode 240 with tines 242 extending into the U- 
shaped segments from the within the generally circular lines 220, with the tines 242 
intersecting with the lines 220 in those U-shaped segments. A second comb 
electrode 250 is also seen in Figure 5 that includes tines 252 extending into the U- 
shaped segments that open outwardly. The tines 252 are connected by a spine 254 
that extends about the exterior of the serpentine electrode 230. 

Figure 6 depicts another illustrative sensor array design in which a 
sinusoidal serpentine electrode 330 extends along receptor material lines 320a and 
320b (collectively referred to as lines 320). The U-shaped segments of the 
serpentine electrode 330 are, in this embodiment, provided by the sinusoidal wave 
pattern. The array includes a pair of comb electrodes 340 and 350 that conform to 
the shape of the sinusoidal serpentine electrode 330 and that also cross the receptor 
material lines 320. One variation depicted in this array design is that the tines 342 
and 352 of the comb electrodes 340 and 350 (respectively) may be provided as 
portions of a continuous line forming the entire electrode 340 or 350, rather than 
terminating line segments connected to a spine as depicted in Figures 1-5. 

One illustrative method of detecting a gas phase material will now be 
described with respect to ruthenium oxide, although it should be understood that the 
methods of the present invention may be used to detect a variety of other gas phase 
materials. Other gas phase materials that could be detected by the devices and 
methods of the present invention include any gas phase material that deposits on a 
receptor material in the form of an electrically conductive film or coating. 

It will be understood that the composition of the gas phase material will 
typically correspond to the composition of the film or coating, but that the exact 
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compositions may be different. For example, gas phase ruthenium tetraoxide 
(Ru0 4 ) can be detected based on a film or coating including elemental ruthenium 
(Ru) and/or ruthenium dioxide (Ru0 2 ), both of which are electrically conductive. 
Examples of other gas phase materials that can be detected according to the 
principles of the present invention include, but are not limited to, Ir0 4 and Rh0 4 . 

Ruthenium tetraoxide can be deposited by chemical vapor deposition (CVD) 
which is defined as the formation of a nonvolatile solid film on a substrate by 
reaction of vapor phase reactants, i.e., reacting gases, that contain desired 
components. 

In a CVD process, the reacting gases are introduced into the reaction 
chamber. The gas is decomposed and reacted at a heated wafer surface to form the 
desired layer. Chemical vapor deposition is just one process of providing thin 
layers on substrate assemblies and other surfaces, such as films of elemental metals 
or compounds, e.g., platinum, ruthenium, ruthenium oxide, etc. The CVD process 
may be enhanced by various related techniques such as plasma assistance, photo 
assistance, laser assistance, as well as other techniques. 

The CVD process for depositing ruthenium and/or ruthenium oxide is 
conducted with a ruthenium containing precursor being delivered to a reaction 
chamber. Diluent gases may also optionally be provided to the reaction chamber. 

One skilled in the art will recognize that the manner in which the gases are 
introduced into the reaction chamber may include one of various techniques. 

Gas products contained within the CVD system are potentially harmful to 
personnel located around the equipment. The present invention provides methods 
of detecting the escape of the selected materials based on their deposition onto a 
detection surface and the resulting change in the conductivity of the detection 
surface. 

Referring to Figure 7, a sensor 400 according to the present invention is 
located in proximity to a CVD system 460 in which ruthenium or ruthenium or 
ruthenium oxide is to be deposited. In some systems, ruthenium oxide may be 
formed in the CVD system 460 if it is supplied with oxygen in addition to 
ruthenium for the purpose of forming ruthenium oxide on a substrate. 

A sensor 400 according to the present invention, however, may be able to 
detect gaseous ruthenium oxide that escapes from the system 460. The sensor 400 
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includes a sensor array 410 and a detector 402 capable of detecting a change in the 
conductivity between the electrodes on the sensor array 410. The detector 402 
preferably includes an electrical circuit capable of detecting the conductivity change 
between electrodes on the sensor array 410 through the film formed on the receptor 
5 materials. If the conductivity reaches a predetermined limit, an alarm 404 can be 
activated. 

If gas phase ruthenium tetraoxide escapes from the CVD system 460, it will 
typically form ruthenium oxide by oxidation reduction upon contact with the sensor 
array 410. The deposited film or coating is electrically conductive and, as a result, a 
1 0 change in the conductivity within the array 4 1 0 can be used to indicate the presence 
of ruthenium oxide gas in the area of the sensor 400, thereby alerting personnel in 
the area or those monitoring an unoccupied area of a potential hazard. 

It may be desirable to, e.g., heat the sensor array 410 above the ambient 
temperature using a heater 406 to potentially enhance sensitivity of the sensor array 
15 41 0. For example, heating the sensor array 4 1 0 may limit deposition of ambient 
moisture vapor or organic materials present in the atmosphere around the sensor 
array 410. In the case of ruthenium oxide detection, heating the detection surface 
up to about 100°C may be useful to enhance detection. 

The heater 406 should be capable of providing thermal energy to the sensor 
20 array 410 by any suitable manner including conduction, convection, and/or 

radiation. In addition, the heater 406 may be an electrical resistance heater, operate 
using RF excitation, infrared radiation, etc. 

It may also be desirable to subject the array 41 0 to other forms of energy, in 
addition to or in place of heating, to enhance detection sensitivity. Examples of 
25 suitable energy forms include, but are not limited to electromagnetic radiation 

(visible or not), magnetic fields, etc. 

All patents and references cited herein are incorporated in their entirety as if 
each were incorporated separately. This invention has been described with 
30 reference to illustrative embodiments and is not meant to be construed in a limiting 
sense. Various modifications of the illustrative embodiments, as well as additional 
embodiments of the invention, will be apparent to persons skilled in the art upon 
reference to this description. It is therefore contemplated that the appended claims 
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will cover any such modifications or embodiments that may fall within the scope of 
the present invention as defined by the accompanying claims. 
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